the initiation of antipsychotic medication, people who initially refuse drug therapy, as well as their families, are still provided with case management, support and education. This may extend for weeks and, occasionally, several months. In addition, they all have modified assertive case management and interventions to assist in their social recovery (see Malla et al 10 for more details). Individuals aged 14-30 years from the local catchment area with either affective or non-affective psychosis who have not taken antipsychotic medication for more than 1 month were consecutively admitted to the programme as either in-or out-patients. There is no competing service and treatment is publicly funded.
The PEPP-Montreal provided treatment to 233 people with first-episode psychosis between 9 January 2003 and 6 March 2008. Of these, 166 individuals had received treatment for a minimum of 6 months and completed a neuropsychological evaluation. Of the 166 individuals in the study, 15 were subsequently removed from the analysis due to either neuropsychological testing conducted beyond 6 months (n=12) or a confirmed diagnosis of substance-induced psychosis (n=3). Those who were included were separated into good-outcome (n=73) and pooroutcome (n=78) groups based on 6-month clinical data. Good outcome was defined with a rating of 2 or less (mild) on all global sub-scales of the Scale for the Assessment of Positive Symptoms (SAPS) 11 and 3 or less (moderate) on all global sub-scales except 'attention' of the Scale for the Assessment of Negative Symptoms (SANS). 12 Further comparisons between the removed individuals (n=15) and the included individuals (n=151) indicated no differences on any of the socio-demographic, clinical or cognitive variables.
Thirty-one healthy controls were recruited through advertisements placed in local newspapers. Controls were included only if they had no current or past history of any Axis I disorders; any neurological diseases; head trauma causing loss of consciousness; or a first-degree family member suffering from schizophrenia or
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Cognitive markers of short-term clinical outcome in first-episode psychosis Michael Bodnar, Ashok Malla, Ridha Joober and Martin Lepage Background Outcome from psychotic disorders is heterogeneous with poorer outcomes frequently identified too late to be influenced. Symptomatic ratings at 1 or more years following initiation of treatment have been related to cognition in firstepisode psychosis. However, the relationship between cognition and early outcome remains unclear.
Aims
To determine whether specific cognitive domains could identify poor short-term outcome among individuals with first-episode psychosis.
Method
One hundred and fifty-one individuals with first-episode psychosis were divided into two groups based on 6-month clinical data after the initiation of treatment. Six cognitive domains were compared among 78 participants with poor outcomes, 73 with good outcomes and 31 healthy controls. related schizophrenia-spectrum psychosis. Controls were also chosen based on such socio-demographic variables as age at the time of neuropsychological testing, gender and parental socioeconomic status that were separately matched to a subset of the current sample of participants with first-episode psychosis who were also taking part in a neuroimaging study.
After a comprehensive description of the study, written informed consent was obtained from all participants. Research protocols were approved by the Douglas Hospital human ethics review board.
Clinical and demographic assessments
People were diagnosed according to the DSM-IV criteria based on the Structured Clinical Interview for DSM-IV. 13 Positive and negative symptoms were assessed with the SAPS and the SANS respectively. The baseline interview session was conducted within 1 month of entry into the programme (mean=22.6 days, s.d.=8.5, range=4.8-49.2). The symptom ratings were repeated at 1 month, 2 months, 3 months and 6 months past baseline.
Medication adherence was measured at each of the aforementioned time-points using a five-point scale ranging from 0 (never adherent) to 4 (fully adherent) based on composite information obtained from participants, family members, case managers and psychiatrists.
14 These ratings were averaged over the 6-month period to provide an overall mean score for adherence. Duration of untreated psychosis (DUP) was calculated as the time period from onset of psychotic symptoms to adequate treatment with antipsychotics, while duration of untreated illness (DUI) was defined as the time period from onset of any psychiatric symptoms to adequate treatment with antipsychotics.
14 At baseline, DUP and DUI were calculated based on these definitions, in addition to premorbid functioning levels with the Premorbid Adjustment Scale (PAS) 15 and parental socio-economic status according to the Hollingshead two-factor index of social position. 16 All ratings were conducted by trained research staff who had participated in regular interrater reliability sessions and were not directly involved in the participants treatment. All interviews and rating sessions were confirmed via consensus between two senior research psychiatrists (A.M. and R.J.). Finally, the type and dosage of antipsychotic taken at the time of the neuropsychological evaluation were recorded.
Cognitive assessment
A standardised cognitive battery was completed by all participants; tested and scored by a trained professional who was not involved with the treatment of the individuals. Participants were assessed after the initiation of treatment and only when in a stable but not necessarily asymptomatic condition. There was no difference between groups with respect to when evaluations took place following entry into the programme ( 22 
Statistical analysis
All clinical characteristics were normally distributed (ShapiroWilks W-test) except for DUP and DUI, which were normalised using logarithmic and square root transformations respectively. A one-way analysis of variance (ANOVA) was used to examine age at neuropsychological testing among the three groups. Independent t-tests were used to compare baseline and 6-month total symptom ratings, changes in symptom scores, dosage of antipsychotic medication, medication adherence, DUP, DUI and PAS scores between the patient outcome groups. Parental socioeconomic status among the three groups was contrasted using a Kruskall-Wallis one-way ANOVA. Gender and type of antipsychotic were compared using cross-tabulation and chi-squared tests.
Seven neuropsychological variables required square-root transformations, while two required logarithmic transformations to achieve normal distribution. All neuropsychological variables, including IQ scores (WAIS-III) were then transformed into standard equivalents (z-scores) using the mean and standard deviation of the healthy control group. Cognitive domains were calculated by averaging the z-scores of the pertinent sub-tests and then normalised using the mean and standard deviation of the healthy control group. Lastly, an overall cognitive performance score for each group was calculated by averaging the six cognitive domains.
A within-patient repeated-measure multivariate analysis of variance (MANOVA) was used to compare the profile of cognitive performance among the groups, using group membership (poor outcome, good outcome and control) as the between-groups factor and the cognitive domains as the within-group factors. Univariate ANOVAs with post hoc Bonferroni pairwise contrasts were used to identify group differences where necessary. The critical P-value was set to 0.008 following the Bonferroni correction procedure to control for multiple comparisons. One-way ANOVAs with post hoc Bonferroni comparisons were used to compare the IQ measures and overall cognitive performance score among the three groups. In addition, one-way ANOVAs were used to examine the cognitive profiles and IQ measures among the individuals with first-episode of schizophrenia and those in the non-first-episode psychosis sample. Independent t-tests between these two groups were then used to compare the cognitive domains and IQ measures within each outcome group. Finally, for the entire sample, Pearson's chi-squared and Spearman's rho (r) examined the independence and correlations, respectively, between the cognitive domains and symptom levels at the time of the neuropsychological evaluation. Additionally, cross tabulation and chi-squared tests were used to examine if there was an effect of the heterogeneous sample on the cognitive profile. All statistical tests were two-tailed with the critical P-value set at 0.05, except for the MANOVA as previously noted, and performed using SPSS version 12 for Windows.
Results

Clinical and demographic data
Individuals were diagnosed with schizophrenia-spectrum disorder (n=110 (73%); poor outcome=64; good outcome=46), affective psychosis (n=24 (16%); poor outcome=8; good outcome=16), and psychosis not otherwise specified/delusional disorder (n=17 (11%); poor outcome=6; good outcome=11). The poor-outcome, good-outcome and control groups did not differ with respect to age, gender or parental socio-economic status (Table 1) . Further, the poor-outcome and good-outcome groups did not differ in DUP, DUI and medication adherence. With respect to medication adherence, two patients with a poor outcome and four with a good outcome refused antipsychotic treatment during the 6 months but still received psychosocial treatment from the PEPP (Table 2 ). There was no difference in the type of antipsychotic medication taken at the time of neuropsychological testing; however, patients in the poor-outcome group taking olanzapine (but not any other antipsychotics) received significantly higher doses compared with the good-outcome group. There was no premorbid educational difference between the groups with firstepisode psychosis as indicated by the PAS; however, the pooroutcome group had a lower level (higher score) of premorbid social adjustment during childhood and early adolescence (Table  2) . Finally, at baseline, positive symptoms were equivalent among patients but negative symptoms were significantly higher in the poor-outcome group, while at 6 months, the good-outcome group were significantly lower in both positive and negative symptoms, as per design. Over the 6-month period, improvements in positive and negative symptoms were significantly better for the goodoutcome group (Table 2) .
Neurocognitive data
The cognitive profiles in the three groups were not parallel as indicated by a significant (group cognitive domain) interaction (F=6.27, d.f.=12, 348, P50.001) in the analysis involving the entire first-episode psychosis sample with healthy controls (Fig. 1) . Subsequent univariate ANOVAs revealed mean differences among the groups in all cognitive domains. Post hoc comparisons indicated the poor-outcome group functioned at levels significantly below the good-outcome group in both working memory and verbal learning and memory. Moreover, compared with the healthy controls, the poor-outcome group displayed significant deficits in all cognitive domains; the goodoutcome group also displayed significant deficits in all domains except in working memory (Table 3) .
A one-way ANOVA indicated significant differences among the three groups for overall cognitive performance (F=23.24, d.f.=2, 179, P50.001). Post hoc analyses revealed that patients in a. DUP and DUI are presented in raw form; however, these were analysed using transformed data. b. Medication adherence average over 6 months: 0 (never adherent) to 4 (always adherent); two individuals from the poor-outcome group and four from the good-outcome group refused antipsychotic treatment but still received psychosocial interventions.
the poor-outcome group (mean z-score =71.3, s.d.=1.1) functioned significantly below both the good-outcome (mean z-score =-0.9, s.d.=0.8) (P=0.02) group and healthy controls (mean=0.0, s.d.=1.0) (P50.01); the good-outcome group also functioned significantly below the healthy controls (P50.01). In addition, a one-way ANOVA revealed differences in Verbal IQ, Performance IQ, and Full-scale IQ among the three groups. Post hoc analyses indicated the group with poor outcomes had a lower score than the group with a good outcome on only the verbal measure. Compared with healthy controls, the poor-outcome group were compromised on all three measures, while the good-outcome group were compromised in both the performance and full-scale measures (Table 3) . The means and standard deviations along with all statistical results are reported in Table 3 for the entire first-episode psychosis sample, and in online Table DS1 for the entire sample, the firstepisode schizophrenia and the non-first-episode schizophrenia subgroups. The raw data are available in online Table DS2 . As expected, the supplementary ANOVAs for the first-episode schizophrenia and non-first-episode schizophrenia subgroups revealed significant differences in all cognitive domains among the poor-outcome, good-outcome, and healthy control groups. Of importance, working memory and verbal memory were significantly compromised in the poor-outcome groups compared with the good-outcome groups for both the first-episode schizophrenia and non-first-episode schizophrenia patients. In addition, compared with healthy controls, the poor-outcome groups had significant deficits in all cognitive domains, while the goodoutcome groups had varying results among the first-episode schizophrenia and non-first-episode schizophrenia patients. The Good outcome (n=73)
Control (n=31) Fig. 1 Neurocognitive profile of poor-outcome, good-outcome and healthy control groups. The poor-outcome group performed significantly below the good-outcome group in only the verbal memory and working memory domains; no significant differences were found for the other domains. In general, the poor-outcome and good-outcome groups functioned at lower levels compared with the control group with the poor-outcome group at a more severe level. As per IQ, a one-way ANOVA revealed that all three measures significantly varied among the three groups for first-episode schizophrenia and non-first-episode schizophrenia patients. Compared with healthy controls, the poor-outcome groups had significantly lower scores on all IQ measures for both first-episode schizophrenia and non-first-episode schizophrenia patients. In addition, compared with the controls, the first-episode schizophrenia good-outcome group had a lower performance IQ and full-scale IQ score, whereas the non-first-episode schizophrenia good-outcome patients did not differ on any IQ measure. No significant differences were found between poor and good-outcome groups on any IQ measure. The first-episode schizophrenia and non-first-episode schizophrenia patients within the poor-outcome group did not differ on any IQ measure (all t-tests50.33, d.f.=76, all P values40.74). The same result was found for the goodoutcome group (all t-tests471.74, d.f.=71, all P values40.09) except in performance IQ where the first-episode schizophrenia patients results were significantly lower than the non-first-episode schizophrenia patients' results (t=72.18, d.f.=71, P=0.03).
All of the cognitive domains and IQ measures were independent of (all w 2 -tests46821.7, all P values40.05) and not correlated with (70.195r50.18, all P values40.05) the total positive and negative symptoms at the time of the neuropsychological evaluation. Finally, chi-squared tests revealed no effect of diagnosis on cognitive domains (all w 2 -tests478.4, all P values40.48). When considering all diagnoses, outcome was independent of diagnosis (w 2 =19.4, P=0.15); however, when considering first-episode schizophrenia and non-first-episode schizophrenia groupings, outcome was no longer independent of diagnosis (w 2 =8.0, P=0.01).
Discussion Cognitive markers of short-term clinical outcome
The present study identified deficits in verbal and working memory as markers of poor short-term clinical outcome in individuals with first-episode psychosis evaluated 6 months after admission to a specialised early intervention programme. These findings support prior studies showing cognitive deficits in firstepisode psychosis related to measures of clinical outcome. For example, previous studies have related verbal memory to elevated negative symptoms at 1-3 years 8 and to the increased risk of persistent positive symptoms and re-hospitalisation at 2 years. 9 Also, a general measure of memory has been associated with a poor global symptomatic outcome at 1 year. 23 These studies, however, used regression analyses to examine the relationship between baseline cognitive levels and symptom ratings at 1 or more years past first admission. Our results, while consistent with the aforementioned studies, provide further evidence that lower levels of performance on verbal and working memories are not only associated with poor outcome but are specific to a subgroup of people with a poorer outcome after 6 months of treatment.
Differences in visual memory, speed of processing, reasoning/ problem-solving and attention did not significantly differentiate between the outcome groups; however, trend level differences were apparent for attention. These results did contrast with previous findings. For example, poor visual memory has been related to poor outcome in the form of persistent psychotic symptoms and more hospitalisations over 2 years, 9 while speed of processing (Trail Making Test A) and poor executive functioning (Trail Making Test B) have been related to higher negative symptoms over a 3-year period in people with first-episode psychosis 8 and in individuals with non-remitted schizophrenia. 24 Although attention was not statistically significant between the outcome groups, the lower attention level in the poor-outcome group supported a previous finding relating poorer attention with a poorer response to treatment after 1 year. 25 These discrepancies may suggest that visual memory, speed of processing and executive functions are more associated with long-term clinical outcome. In any case, our findings regarding working memory and verbal memory, the same domains reported to be associated with functional outcome and community functioning, 7, 26 support the idea that these specific deficits in cognition are more sensitive than the other cognitive domains to provide an early indication of poor outcome.
Full-scale IQ, as measured by the WAIS-III, was not significantly different between poor-outcome and good-outcome patients. Yet, the poor-outcome group functioned significantly below the good-outcome group on our overall measure of cognitive performance (a score averaged from the six cognitive domains). Because of this apparent inconsistency between the two measures, a general measure of cognitive performance or intelligence may not be a good marker for outcome. Besides, an overall measure of cognition encompasses a wide variety of cognitive functions and not all research studies or treatment facilities use the same cognitive battery. In the end, this would make an overall cognitive measure inconsistent resulting in ambiguous findings or, even worse, false predictions of outcome. Based on our results it appears that using specific cognitive domains may be more sensitive in predicting short-term outcome rather than a global measure of IQ or cognition.
Cognitive heterogeneity
Our study revealed that all people with first-episode psychosis, independent of diagnosis, functioned lower than healthy controls across all cognitive domains supporting previous results. 3, 5, 8, 9, 23, 27 However, we were able to show that within the entire first-episode psychosis sample, working memory and verbal memory were even more compromised in those with a poor outcome compared with those with a good outcome for affective and non-affective psychoses. Although the aforementioned studies have consistently shown global cognitive deficits for all people with first-episode psychosis, 3, 5, 8, 9, 23, 27 this could be explained by the fact that single patient groups were compared with either normative values or with values of healthy control groups without considering the heterogeneity of treatment response or outcome. Our results support a previous result 28 that suggested cognitive heterogeneity is likely present at the onset of illness and in the case of first-episode psychosis could be used as a differential predictor of clinical outcome.
Treatment refractoriness
The poor-outcome group in our study displayed persistently high negative symptoms over the 6 months that would suggest that these individuals are carrying vulnerabilities that make them less responsive to treatment. As such, could these people be perceived as treatment refractory? Currently, treatment refractoriness is generally conceived of mainly in terms of positive symptoms and not diagnosed until much later in the course of the illness, a time where any changes made in treatment strategies may not be effective. In the context of recent interest in an operational definition of remission involving both positive and negative symptoms 29 and the well-documented association between negative symptoms and functional outcome, 30, 31 including a lack of response on negative symptoms as criterion of treatment resistance may be particularly important. Individuals identified with cognitive deficits in working memory and verbal memory accompanied by a higher level of negative symptoms may be an early identifier of such treatment refractoriness. It is possible, however, that negative symptoms, with a smaller magnitude of change by 6 months, may show further decline in the subsequent months, while positive symptoms generally show most or all of the change within the first 6 months as suggested by a recent Canadian multicentre study of first-episode psychosis. 32 Further studies are needed to see if there is a link between memory deficits and poor clinical outcome in the form of persistently higher negative symptoms over longer periods. In any case, determining correlates of short-term outcome that can be measured at the beginning of the treatment process may help in better designing treatment strategies and improving expectations with respect to outcome.
Premorbid adjustment and persistent negative symptoms
The poor-outcome group showed poorer premorbid adjustment in the social domain during childhood and early adolescence compared with the good-outcome group. In addition, as just mentioned, the poor-outcome group displayed significantly higher negative symptoms at the start of the treatment process that persisted at high levels even after 6 months of treatment. Altogether, our results supported previous findings that related poorer premorbid adjustment with higher (persistent) levels of negative symptoms at 1-2 years past onset. 33, 34 Our results also support, in essence, a second idea that premorbid adjustment is not related to antipsychotic treatment response. 25 In our sample, both outcome groups showed a reduction in positive symptoms (a response to antipsychotic medications) over the 6 months, albeit a much smaller response was seen in the poor-outcome group. Nevertheless, one could argue that both groups did respond to antipsychotic treatments but at varying levels thus supporting the idea that premorbid adjustment is indeed not related to antipsychotic treatment response. As such, the trend appears to support the idea that poor premorbid levels of adjustment may be more predictive of persistent negative symptoms rather than a response to antipsychotics (a reduction in positive symptoms). At any rate, the possible link between persistent negative symptoms and poor premorbid adjustment should be further examined to provide more evidence and a better understanding.
Strengths
The strengths of our report include a well-characterised, relatively large sample of people with first-episode psychosis derived from a defined catchment area, the inclusion of in-and out-patients, the exclusion of substance-induced psychosis, the lack or absence of previous treatment and the exposure to specialised treatment over the period of the study from a well-defined service for firstepisode psychosis.
Our study was very representative of young people in the early stages of a first-episode psychosis (mean age=22.4 years, s.d=3.9). Among the studies that have examined clinical outcome in firstepisode psychosis, only Addington et al 8 studied individuals with similar ages to ours (mean age=25.5 years, s.d.=8.2); the Moritz and Verdoux studies had mean ages of 29.7 years (s.d.=10.1) and 32.1 years (s.d.=10.9), respectively. 9, 23 Also, all other referenced studies used t-tests for comparisons among the cognitive variables which do not account for the possible relationships among the dependent variables (cognitive measures) and do not control for Type I errors, while our multivariate analysis did. Additionally, our analysis included a healthy control group that did not differ from the patients in age, gender and socioeconomic status. By using a control group, we controlled for possible demographic differences that may occur with comparisons made to normative data.
The heterogeneity of our sample, with regard to diagnosis at intake, provided a more efficient research design. In fact, outcome studies involving mixed first-episode psychosis samples are being recognised as an efficient research strategy. 9 This follows from the idea that baseline diagnoses of first-episode patients change rather frequently, 35 which could lead to erroneously drawing conclusions towards a specific diagnostic category. Among the studies that have examined outcome in first-episode psychosis, the most heterogeneous sample with equal representation of each diagnosis was from Verdoux et al. 9 On the other hand, Addington et al 8 primarily examined first-episode schizophrenia (almost 80%), while Moritz et al 24 exclusively examined first-episode schizophrenia. Although our study had a larger proportion of patients with first-episode schizophrenia (73%) and the first-episode schizophrenia and non-first-episode schizophrenia diagnostic separation was not independent of outcome, this did not affect our overall result. This was supported by the fact that patients with first-episode schizophrenia and non-first-episode schizophrenia had similar cognitive profiles. More importantly, verbal memory and working memory remained significantly compromised in the poor-outcome group compared with the good-outcome group irrespective of diagnosis; moreover, these two cognitive domains were compromised to the same level for each respective outcome group regardless of diagnosis. So, by using a heterogeneous sample that ultimately displayed similar memory deficits throughout, our conclusions are more relevant to all individuals suffering from a first-episode of psychosis and not just to a specific diagnosis within the psychotic disorder spectrum.
The decision to choose a 'remission-like' definition allowed us to examine the patients on an individual symptom basis and observe more closely how they were responding to the specialised treatment programme. We used the same criterion level for the positive symptoms as suggested for remission in schizophrenia 29 since patients with first-episode psychosis from well-characterised samples show an early and robust response to positive symptoms. 32 As for the negative symptoms, we chose a higher cut off of mild or less for the following reasons: (c) the notion of a delayed reduction in negative symptoms in samples of chronic patients 37 and people with first-episode psychosis. 32 We also did not include a time period as part of our definition, as suggested for remission, 29 since we were only examining outcome at 6 months. It must be stressed that we were not trying to assess whether individuals had met the criteria for 'remission' as per the consensus criteria. 29 Finally, alogia and flat affect have been reported to form a distinct factor within the negative symptom domain 38 and have been suggested to represent 'core negative' symptoms. Using this concept of core negative symptoms with a rating of moderate or less in our definition, the overall results were no different from what we had obtained with our original definition. Although still appealing, these results may be ignoring the practical significance of the other negative symptoms such as anhedonia and avolition in both patients and their families. Moreover, there is no evidence to suggest that the core negative symptoms should only be taken into account when measuring short-term outcome. So, for these reasons, alogia, flat affect, anhedonia and avolition were all included in our definition of outcome.
Limitations
This study has some limitations. The attention domain was constructed from only one measure of attention (the d2 concentration performance score). Although this does not satisfy the criteria for a domain, we only had one true measure of attention to use from the standard neuropsychological battery we administer. As such, this measure may not be entirely representative for measuring overall attentional capacities. We also did not include the social cognitive domain when examining the representative domains of dysfunction as outlined by the MATRICS consensus group. 17, 18 On a different note, medication adherence was not confirmed via chemical examination of blood or urine; however, it has been shown that objective information on medication adherence is more reliable than collected samples. 39 Finally, two individuals with a good outcome and four with a poor outcome refused antipsychotic medications as a treatment option. These people still received psychosocial interventions from the PEPP and, additionally, the removal of these individuals from our sample had no effect on our results.
In summary, cognition is emerging as a reliable marker of early outcome for people diagnosed with psychotic disorders. Cognition has been shown to be compromised across all diagnoses in individuals with first-episode psychosis. 4, 5, 40 These deficits are present at the onset of illness 27, 41 stable over time, 42, 43 and independent of initial and changing positive and negative symptoms 43 and antipsychotic therapy. 44 In addition, specific cognitive impairments have emerged as a stable marker of both functional 6,7 and clinical outcomes 8, 9, 23 in people with firstepisode psychosis. Our study found specific deficits in verbal memory and working memory in first-episode psychosis to be viable markers of poor outcome after 6 months of treatment. By identifying such individuals early on, clinicians may be encouraged to pay special attention to them in the form of more intensive psychosocial interventions and/or the early introduction of alterative antipsychotics, such as clozapine, which could benefit a proportion of these people. 
